Microbial diversity and its roles in methane cycles in sediments from Jiulong River Estuary by 陈志伟
学校编码：10384                                     分类号      密级        
学号：                                                          UDC       
 
 
硕  士  学  位  论  文 
                                           
九龙江口沉积物微生物多样性及其参与甲烷循
环过程的研究 
Microbial diversity and its roles in methane cycles in sediments 
from Jiulong River Estuary 
 
 
指导教师姓名：肖 湘 教 授 
专  业 名 称：细 胞 生 物 学 
论文提交日期：2010 年   4  月 
论文答辩时间：2010 年   6  月 
学位授予日期：2010 年      月 
  
答辩委员会主席：  陈亮 教授    
评    阅    人：               
 






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















Abstract ........................................... III 
1 前言 ............................................... 1 
1.1 九龙江口概况 ...............................................................................................................1 
1.1.1 九龙江口的自然概况............................................................................. 1 
1.1.2 九龙江口现状 ....................................................................................................3 
1.2 海洋微生物....................................................................................................................4 
1.2.1 海洋古菌................................................................................................. 6 
1.2.2 海洋细菌................................................................................................ 7  
1.2.3 河口生态系统微生物多样性.........................................................................8 
1.3 微生物在生物地球化学循环中的作用...................................................................9 
1.3.1 微生物在海洋碳循环中的作用............................................................ 9 
1.3.2 微生物在海洋氮循环中的作用.......................................................... 11 
1.3.3 微生物在海洋硫循环中的作用...................................................................12 
1.4 微生物分子生态学研究方法..................................................................................12 
1.4.1 环境样品核酸直接抽提技术............................................................... 13 
1.4.2 基于 PCR 的指纹图谱分析 ................................................................. 13 
1.4.3 实时荧光定量 PCR............................................................................. 15 
1.4.4 荧光原位杂交...................................................................................... 17 
1.4.5 宏基因组学........................................................................................... 18 
1.4.6 环境基因组芯片 ..............................................................................................18 
1.5 本论文的思路，目的和意义..................................................................................18 
2 材料和方法 ........................................ 21 
2.1 样品和实验材料.........................................................................................................21 
2.2 分子生态学实验基本方法 ......................................................................................24 
















3.2 九龙江口沉积物古菌多样性及分布情况（DNA 水平）..............................32 
3.2.1 古菌 16S rDNA 文库的构建和 RFLP 分析....................................... 32 
3.2.2 古菌 16S rDNA 文库多样性评估 ...................................................... 33 
3.2.3 沉积物古菌 16S rDNA 系统进化分析 .............................................. 34 
3.2.4 沉积物中的古菌群落组成 ...........................................................................39 
3.3 九龙江口沉积物古菌多样性及分布情况（RNA 水平）..............................40 
3.3.1 反转录 cDNA 构建的古菌 16SrcDNA 文库和 RFLP 分析.............. 40 
3.3.2 古菌 16S rcDNA 文库多样性评估..................................................... 41 
3.3.3 沉积物古菌 16S rDNA 系统进化分析 .............................................. 43 
3.3.4 沉积物中活性古菌的群落组成 ..................................................................46 
3.4 九龙江口沉积物细菌多样性及分布情况 ...........................................................47 
3.4.1 细菌 16S rRNA 文库的构建和 RFLP 分析 ....................................... 47 
3.4.2 细菌 16S rDNA 文库多样性评估 ...................................................... 49 
3.4.3 沉积物细菌 16S rDNA 系统进化分析 .............................................. 50 
3.4.4 沉积物中细菌的群落组成 ...........................................................................61 
3.5 九龙江口沉积物甲烷产生菌多样性和分布组成 .............................................61 
3.5.1 甲基辅酶 M 还原酶基因(mcrA)文库的构建及 RFLP 分析 ............. 61 
3.5.2 甲烷产生菌 McrA 文库多样性评估 .................................................. 63 
3.5.3 沉积物甲烷产生菌 McrA 系统进化分析 .......................................... 64 
3.5.4 沉积物甲烷产生菌的群落组成 ..................................................................68 
3.6 九龙江口沉积物古菌和细菌 16S rRNA 基因定量 .........................................68 
4 讨论 .............................................. 71 
总结................................................ 77 

















Chinese abstract .................................................................................I 
English abstract.............................................................................. III 
1 Introduction.................................................................................... 1 
1.1 Overview of Jiulong River Estuary ........................................................................1 
1.1.1 Natural situation of Jiulong River Estuary.............................................. 1 
1.1.2 Current situation of Jiulong River Estuary....................................................3 
1.2 Marine microbes...........................................................................................................4 
1.2.1 Marine archaea........................................................................................ 6 
1.2.2 Marine bacteria....................................................................................................7 
1.2.2 Microbial diversity of Estuary ecosystem .....................................................8 
1.3 The role of microbes in marine biogeochemistry cycle ....................................9 
1.3.1 Microbes in marine carbon cycle..........................................................  9 
1.3.2 Microbes in marine nitrogen cycle ....................................................... 11 
1.3.3 Microbes in marine sulfur cycle ....................................................................12 
1.4 Main approaches of micobial molecular ecology .............................................12 
1.4.1 Extraction of nucliec acid from enviromental sample ........................  13 
1.4.2 PCR amplification-based microbial community analysis..................... 13 
1.4.3 Real-time quantification PCR............................................................... 15 
1.4.4 FISH...................................................................................................... 17 
1.4.5 Metagenomic......................................................................................... 18 
1.4.6 Enviromental genomic chip............................................................................18 
1.5 The idea, goal and signification of this study ....................................................18 
2 Material and methods................................................................... 21 
2.1 Sample and experimental material.......................................................................21 
2.2 Main methods..............................................................................................................24 
3 Results and analysis ...................................................................... 31 















Estuary sediment core .....................................................................................................31 
3.2 Diversity and distribution of archaea in Jiulong River Estuary sediment 
(DNA level)..........................................................................................................................32 
3.2.1 Construction and RFLP analysis of archaea 16S rDNA library............ 32 
3.2.2 Diversity evaluation of archaea 16S rDNA library............................... 33 
3.2.3 Phylogenetic analysis of archaea 16S rDNA........................................ 34 
3.2.4 Community structure of archaea in sediment .............................................39 
3.3 Diversity and distribution of archaea in Jiulong River Estuary sediment 
(RNA level)..........................................................................................................................40 
3.3.1 Construction and RFLP analysis of archaea 16S rcDNA library from 
enviromental total RNA................................................................................. 40 
3.3.2 Diversity evaluation of archaea 16S rcDNA library ............................. 41 
3.3.3 Phylogenetic analysis of archaea 16S rDNA........................................ 43 
3.3.4 Community structure of active archaea in sediment .................................46 
3.4 Diversity and distribution of bacteria in Jiulong River Estuary sediment
................................................................................................................................................47 
3.4.1 Construction and RFLP analysis of bacterial 16S rDNA library .......... 47 
3.4.2 Diversity evaluation of bacterial 16S rDNA library ............................. 49 
3.4.3 Phylogenetic analysis of bacterial 16S rDNA ...................................... 50 
3.4.4 Community structure of bacteria in sediment.............................................61 
3.5 Diversity and distribution of methanogen in Jiulong River Estuary 
sediment ...............................................................................................................................61 
3.5.1 Construction and RFLP analysis of mcrA library................................. 61 
3.5.2 Diversity evaluation of mcrA library .................................................... 63 
3.5.3 Phylogenetic analysis of methanogen mcrA......................................... 64 
3.5.4 Community structure of methanogen in sediment .....................................68 
3.6 Quantification of archaea and bacteria 16S rRNA genes .............................68 




























对采集自九龙江口的沉积物样品，提取了沉积物的 DNA 和 RNA，构建古菌
和细菌的 16S rDNA 文库以及古菌的 16S rcDNA 文库，并进行了 16S rRNA 序列
测定及系统发育分析，调查了九龙江口沉积物的微生物群落结构及垂直分布情
况。其中古菌的调查结果表明该区同时存在泉古菌和广古菌两大类古菌，其中
MCG 泉古菌是优势菌群，在各个层位中均有分布，约占古菌 16SrRNA 文库克隆
子总数的 60% 。古菌的群落结构随深度发生变化，甲烷产生菌甲烷八叠球菌目
(Methanosarcinales)在各个层位的沉积物中均有分布，并在中层沉积物中达到
高，占古菌 16SrDNA 文库克隆子总数的 20% 。中层的古菌 16S rcDNA 文库中























物中细菌的含量达到 108-109 拷贝，而古菌的含量相对较少，为有 107-108 拷贝。 
另外，采用甲烷产生菌特异性的甲基辅酶 M 还原酶(MCR) 保守基因在该区
检测到了三种甲烷产生菌：甲烷微菌目 Methanomicrobiales，甲烷八叠球菌目
Methanosarcinales，甲烷杆菌目 Methanobacteriales ，其中甲烷微菌目是含量























Vertical sediments samples were collected in Jiulong River Estuary, located at 
Southern Fujian Province. In order to explore the relationships between microbial 
community and environments and get insight into microbes involved in methane 
cycles, we combined the molecular ecology methods and geochemical data analyses 
together. Especially, we extracted the total RNA of sediments, and constructed 16S 
rcDNA libraries, to reveal the active microorganisms involved in methane cycles. 
Profiles of CH4 and SO42- in pore-water with the increasing depth for the 
sedimentary cores were detected. The results showed that methane concentration 
changes dramatically at the base of the sulfate-reducing zone and sulfate 
concentration gradients are in linear decrease. The geochemical profiles of pore-water 
render indirect evidence for sulfate-reducing process and methane metabolism, 
especially anaerobic oxidation of methane (AOM).  
We extracted the total DNA and RNA of sediments, and constructed the archaeal 
and bacterial 16S rDNA libraries and archaeal 16S rcDNA libraries. Then sequencing 
and phylogenetic analysis were taken to find out the vertical distribution and diversity 
of prokaryotes . The archaeal 16S rDNA gene analysis showed that archaea affiliating 
within Marine Group I (MGI) were predominant in sediments. Significant variances 
on the composition of the archaeal communities were observed in different depths. 
Methanosarcinales, one kind of methanogens, were found in every layers and most 
dominant in middle layer. The ANME group correlated with anaerobic oxidation of 
methane (AOM)was also found in the archaeal 16S rcDNA libraries of middle layers, 
that means methane production and AOM exist in Jiulong Estuary sediments. The 
bacterial diversity was really abundant andδ-proteobacteria was the predominant 
group. Besides, many clones affiliated with sulfate reduction was detected in libraries, 
that means the sulfate reduction was the dominant metabolism process. This research 
also find the other proteobacteria groups, including γ-，β-，α- proteobacteria, which 
were detected in every layers. The other dominant groups are Firmicutes, Planctmyc- 















composition of the bacterial communities were also observed in different depths and 
most of them are uncultured organisms.The number of bacteria is about 108-109 copies 
per gram sediment and the number of archaea is about 107-108 copies. 
    In addition, The investigation based on the mcrA gene indicated that there were 
present three kinds of methanogens , Methanomicrobiales, Methanosarcinales and 
Methanobacteriales and Methanomicrobiales was predominated along the sediment 
core. But the ANME groups correlated with anaerobic oxidation of methane were 
absent in the mcrA gene libraries. 
Our data suggests that methane cycles and sulfate reduction are obvious in 
Jiulong River Estuary sediments .We also find out the active microorganisms present 
in these environments. These results can help to explain the process of carbon and 
sulfur cycles involved in estuary areas. Furthermore, these results can also be used as  
biological evidence in environmental evaluation of Jiulong River Estuary. 
 




















































































































突出, 并已明显影响着全流域 500 多万人口的生活。 
据调查, 九龙江沿江企业、小型矿场、砂石场等多达 1500 多家, 其建设生
产对资源利用缺乏统一的规划, 缺乏对资源的可持续利用的保障措施, 严重地破
坏了流域绿化和生态环境, 导致大量的水土流失。据 1999 年卫星遥感调查显示, 















市土地总面积的 14.13 %[5] 。水土流失导致九龙江河流含沙量明显上升, 河口区
泥沙沉积线向厦门西海域推进趋势相当明显。同时,造成下游河道淤积相当严重。







行的九龙江口表层沉积物中 PCDD/Fs 的 TEQ(毒性当量)测定表明，该海域表层



































Fig.1-2 The three-domain system in evolution 
 
表1-1海洋微生物的营养类型和分类 
Tab.1-1 The nutrition styles and classification of marine microbes 
非细胞类生物 ：病毒 Viruses 
古菌 Archaea 
  化能自养菌 ：产甲烷细菌 Methangens；嗜热酸细菌 Thermoacidophilesa 
  化能异养菌 ：嗜盐细菌 Halophiles 
细菌 Bacteria 
  光能自养菌 
    厌氧光合菌 ：紫色光合细菌和绿色光合细菌 (红螺菌目 Rhodospirillales) 
    有氧光合菌 ：兰细菌 Cyanobacteria(兰细菌目 Cyanbacteriales) 
            原绿植物菌 Prochlorophytes(原绿菌目 Prochlorales) 
    化能自养菌 ：硝化细菌 (硝化杆菌科 Nitrobacteraceae)；无色氧化硫细菌； 
            甲烷氧化菌 (甲烷球菌科 Methylococcaceae) 
  化能异养菌 
    革兰氏阳性菌 ：产内孢棒状菌和球状菌；不产孢棒状菌；不产孢球状菌(微球菌科 
            Micrococceae)；放线菌 (放线菌目 Actinomycetales)及其相关菌 
    革兰氏阴性菌 ：棒状菌和球状菌 ：好氧菌 (假单胞菌科 Pseudomonadaceae) ； 
            兼性菌 (弧菌科 Vibrionaceae)；厌氧菌 (还原硫细菌 ) 
             滑动细菌；嗜细胞菌目 Cytophagales； 
贝日阿托氏菌目 Beggiatoales(粘细菌目 Myxobacteriales) 
            螺旋菌 ：螺旋体目 Spirochaetales 
            螺状和弯曲状菌 ：螺菌科 Spirillaceae 
            发芽和/或附枝状细菌 
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